Mycoplasma mobile, a new gliding mycoplasma isolated from the gills of a fish, was capable of positive rheotaxis; the cells glided upstream in a moving fluid. To our knowledge this is the first demonstration of rheotactic behavior among the procaryotes.
Despite its diminutive size and simple organization, Mycoplasma mobile 163K (3), which has been isolated from the gills of a freshwater fish (5) , exhibits some peculiar properties: it has a differentiated cell shape with a specialized terminal structure (5, 6) , can attach strongly to glass and plastic as well as to animal cells (5, 6) , can glide with remarkably high speed on inert surfaces (6, 8) and on erythrocytes (2) , and exhibits chemotactic behavior in response to a range of attractants (4) . The last property indicates that M. mobile is able to sense changes in concentrations of specific chemical substances and can consequently direct its motion in preferred directions. Here we report another sensory-response system of this gliding mycoplasma. We found that M. mobile is also able to respond to the mechanical stimuli of flow velocity gradients by moving preferentially upstream.
M. mobile was cultivated in modified Hayflick medium (4, 8) . Exponentially growing cells were centrifuged for 5 min at 3,000 x g and resuspended in fresh culture medium at a concentration of approximately 108 CFU/ml. The gliding motion of M. mobile in fluid streams was investigated by a test procedure similar to that described for chemotaxis (4) .
Briefly, flow chambers were prepared by placing a glass cover slip (21 by 26 mm) over a 2-,ul drop of a freshly prepared mycoplasma cell suspension on a glass slide and sealing the 26-mm edges of the cover slip with paraffin. Before being sealed, the cover slip was firmly pressed to the slide to minimize the thickness of the liquid layer, thus allowing fresh medium to flow through from one open end of the chamber to the other by capillary action. The chambers were incubated for at least 5 min in petri dishes lined with dampened filter paper to allow the mycoplasma cells to establish contact either with the undersurface of the cover slip or with the top of the slide. This was important, since only attached cells exhibit gliding movement. The preparations were examined with a Zeiss photomicroscope equipped with Nomarski interference optics and coupled to a microcinematographic system, as well as with a Leitz photomicroscope equipped with dark-field optics. The microscope image was focused in the plane of the attached cells, and an appropriate observation field with an adequate number of gliding organisms ( was possible to change the slope of the current velocity gradient and the absolute local velocities by varying the thickness of the liquid layer in the chamber. The behavior of the mycoplasmas in the streaming medium, according to the direction in which they were moving, was analyzed by taking interference contrast microcinematographic frames at 24 frames per s over a period of 30 to 60 s. For velocity determinations, motility tracks on dark-field photomicrographs exposed for 10 to 40 s were evaluated by a method described elsewhere (B. Piper, R. Rosengarten, and H. Kirchhoff, J. Gen. Microbiol., in press). The current velocity was calculated by measuring the lengths of streamline tracks produced by 0.8-,um polystyrene latex beads. All observations were made at room temperature (20 to 22°C).
The results of 33 experiments showed the same trend. In nonflowing medium the mycoplasma cells were unoriented, moving randomly in various directions. In flowing medium, 90 to 100% of the cells exhibited positive rheotaxis; they tended to move preferentially upstream, with a net migration toward the current. In Fig. 1 , motility tracks indicate these behaviors.
While gliding, the organisms are attached to the glass with the whole area that faces the glass surface (8) . Thus, the possibility that the effects observed result from downstream swinging of nonattached cell bodies in the fluid flow can be excluded. In addition, the cells reacted to the current with a distinct retardation; i.e., a directional upstream movement of the cells occurred when the flow was turned on, but only after a delay of at least 1 to 3 s. This is further proof of the biological nature of the phenomenon. The most convincing evidence for true rheotactic behavior is the direction of the motility tracks. They are not exactly aligned as straight lines parallel to the streamlines or to each other, but reflect individual reactions of the cells to the fluid flow (Fig. lb) . This is characteristic of a tactic response.
The flow-induced orientation of the cells was strongly dependent on the local current velocity. A marked rheotactic reaction was observed for current velocities from 100 to 300 ,um/s. In this case, the cells remained aligned toward the current for 10 to 23 s before they resumed their normal random movement. With decreasing current velocity values, the rheotactic behavior became less pronounced, and the number of cells which moved randomly tended to increase. At velocity values higher than 400 ,um/s, the cells lost contact with the glass surface and rapidly drifted away with the current.
The current velocity gradient along the direction of flow through the chamber decreased during the short duration of the experiments ( In this paper, we have reported a previously unknown feature of the gliding motility of M. mobile, positive rheotaxis. The behavior of M. mobile in a moving fluid resembles that of higher organized cells like spermatozoa (7) and higher organisms like fishes (1) . This suggests that M. mobile, like higher organisms, possesses a physiological transduction system for processing mechanical information from its environment. M. mobile is a parasite in an aquatic environment (5) , and as a parasite, its survival must depend on efficient dispersal mechanisms within and between its hosts. The ability to respond to the mechanical stimulus of a current velocity gradient may be an important factor in this respect. changes in current velocity rather than to absolute velocities.
In 16 of the 33 experiments evaluated, the average gliding speed of the mycoplasmas exposed to a current increased
